Introduction
Global strained Si substrate is promising candidate for the technology of next generation transistors, because the motilities of electron and hole in strained Si are improved due to isotropic biaxial stress state [1] . Since relaxation is inevitable in case of the fabrication of a small mesa shaped strained Si layer, it is important to understand the strain variation after the mesa formation to apply the global strained Si substrates to the transistors. However, evaluation of the anisotropic strain relaxation quantitatively has been difficult by the conventional Raman techniques. We already have reported that anisotropic biaxial stress state in a (001)-oriented Si substrate can be evaluated by oil-immersion Raman spectroscopy [2, 3] . In this study, we introduce evaluation of the strain relaxation in SSOI nanostructure by a newly developed oil-immersion Raman spectroscopy with high-spatial resolution.
Experimental procedure
We used (001)-oriented strained Si on insulator (SSOI) substrates as the samples, which has the simplest structure among the global strained Si substrates. SSOI was fabricated with arbitrary configurations by electron beam lithography and reactive ion etching. The SSOI lengths were 5.0, 3.0, 2.0, 1.5, 1.0, 0.8, and 0.5 m. The SSOI widths were 1.0, 0.5, 0.2, 0.1, and 0.05 m.
A High-numerical aperture (NA = 1.4) lens was used in Raman measurements. In this case, the excitation light with z-polarization perpendicular to the surface can be obtained [2] . Therefore, the forbidden optical phonon modes, the transvers optical (TO) phonon modes, can be excited by z-polarization, in addition to the longitudinal optical (LO) phonon mode, which is the allowed mode under the (001) Si backscattering geometry. Fig. 1 shows the various configurations in oil-immersion Raman measurements. In case of the configuration (a), the LO mode is Raman active, while one of the TO modes is Raman active in case of (c). On the other hand, in case of (b), both of the TO modes are Raman active and the LO mode is Raman inactive. In this experiment, we apply the configurations of (a) and (c) to excite the TO and LO modes, separately, and then the anisotropic biaxial stress components  xx and  yy can be calculated using the following equation (the coordinate is defined as Figure 2 shows the Raman spectra from SSOI as a function of the SSOI width in the configuration (a) (i.e., the LO mode is Raman active), while the SSOI length was fixed to 5.0 m. The inset in Fig. 2 shows the schematic of the sample. The peaks at 520 cm -1 originate from the Si substrate, while the peaks on the lower frequency side originate from the strained Si layer. The intensity from the strained Si layer decreases with reducing the SSOI width. Figure 3 shows the Raman spectra from SSOI with the width of (a) 1000 and (b) 50 nm, respectively, in the configuration (c) (i.e., the TO mode is Raman active). We performed the subtraction of the peak of the Si substrate (blue line) from raw data in order to evaluate the stress in detail. As a result, the signal from the strained Si layer with the width of 50 nm can be clearly observed in Fig. 3(b) . Raman spectra from the strained Si layer as a function of the width after the subtraction in the LO and TO active conditions are shown in Fig. 4 (a) and (b), respectively. The peak from bulk Si is also shown for comparison. The peak positions gradually shift toward higher frequencies with reducing the SSOI width from 1000 to 50 nm. This result indicates the stress relaxation. The wavenumber shifts of the LO and TO modes are plotted in Fig. 5 with the calculated Raman shift (solid line) by finite element method (FEM). It should be noted that the relation between the LO and TO modes crosses from both results. This result lies in the asymmetric coefficients in eq. (1). Namely, the coefficient of the stress in the direction of the SSOI width (stress W) for the LO mode is intensely varied than that for the TO mode. Utilizing the scheme of eq. (1), the stress and stress relaxation was calculated as shown in Fig. 6 . The stress along the SSOI width preferentially relaxed with reducing the SSOI width.
Results and Discussion
We also evaluated the stress dependence on the SSOI length, while the SSOI width was fixed to 200 nm. Figure  7 (a) and (b) show the stress and stress relaxation dependence on the SSOI length, respectively. We can see the remarkably consistent results between oil-immersion Raman measurements and FEM calculations. The stress along the SSOI length (stress L) begins to relax below the SSOI length of 1.5 m. Moreover, it should be noted that the stress W slightly increased with reducing the SSOI length. We considered the reason for the increase as follows. Figure 8 shows the contour map along W direction obtained by FEM calculation using virtual biaxial thermal expansion of Si. The nodes between the interface of SSOI and BOX were fixed in the FEM calculation. It was found that the tensile stress along W direction of the SSOI edge of (1) . A b s t r a c t s o f t h e 2 0 1 1 I n t e r n a t i o n a l C o n f e r e n c e o n S o l i d S t a t e D e v i c e s a n d M a t e r i a l s , N a g o y a , 2 0 1 1 , p p 9 3 1 -9 3 2 
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longitudinal direction is larger than that of middle part of the SSOI. The signal from the edges increases with reducing the SSOI length, because the beam spot size is approximately 300 nm with use of NA = 1.4 objective. Therefore, it is considered that the measured stress W for the shorter SSOI length increased.
Conclusions
We performed to evaluate the anisotropic strain relaxation in SSOI nanostructure by oil-immersion Raman spectroscopy with high-spatial resolution. The Raman signal from LO and TO modes were specifically observed for the SSOI width of 50 nm. Furthermore, the stress dependences on the SSOI width and length were confirmed. 
